Background: There are limited data on uninterrupted anticoagulation with direct
patients: one in the dabigatran group (1.6%, cardiac tamponade) and one in the warfarin group (2.2%, groin hematoma) (risk difference vs warfarin À0.6%; 95% CI À5. 8, 4.7) . Within the Japanese subgroup, there were no thromboembolic events in both groups.
Conclusion:
While not designed to show statistical difference between two treatment groups, our results from the Japanese subgroup supported those from the overall population. Furthermore, this study provided clinical information regarding MBE, especially cardiac tamponade, in Japanese patients.
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catheter ablation, dabigatran, Japanese, nonvalvular atrial fibrillation, uninterrupted anticoagulation 1 | INTRODUCTION Atrial fibrillation (AF) affects 1.5%-2% of the population globally, 1 and the prevalence is as high as 9%-14% in people aged >80 years in Western countries. 2 Catheter ablation is now a standard-of-care treatment for drug-refractory AF, but major bleeding and thromboembolic risks are treatment concerns. A prospective, randomized study of patients with interrupted or uninterrupted treatment with a vitamin K antagonist (VKA) during catheter ablation for AF revealed that uninterrupted VKA significantly decreases the incidence of stroke, transient ischemic attacks (TIA), and minor bleeding. 3 A metaanalysis comparing uninterrupted and interrupted VKA therapy in patients undergoing AF ablation showed that uninterrupted VKA had a favorable effect on the occurrence of stroke or TIA and major bleeding. 4 Prior studies have shown that performing AF ablation with uninterrupted VKA anticoagulation therapy helps to minimize the risk of these complications, and it is now a well-established anticoagulation strategy at the time of AF ablation. 1, 5, 6 However, there are limited data assessing the safety and effectiveness of uninterrupted anticoagulation therapy with direct oral anticoagulants (DOACs) during catheter ablation for AF, including in the Japanese population. A meta-analysis comparing DOAC with uninterrupted VKA therapy in patients undergoing AF ablation found no significant differences between the groups in the occurrence of stroke or TIA and major bleeding. 7 The VENTURE-AF trial was a prospective, randomized clinical trial that compared uninterrupted factor Xa inhibitor rivaroxaban treatment with uninterrupted VKA therapy. 8 This trial found no differences between the two treatments in thromboembolic events or major bleeding events (MBEs) and demonstrated the feasibility of uninterrupted use of factor Xa inhibitors during catheter ablation. No country-specific analyses of the data from this study have been published to date. In Japan, another prospective randomized study of patients treated with the factor Xa inhibitor apixaban during catheter ablation for AF revealed that uninterrupted factor Xa inhibitor therapy has similar safety and effectiveness to warfarin during the AF ablation periprocedural period. 9 A Japanese Catheter Ablation Registry of Atrial Fibrillation study showed that the incidence of complications including pericardial effusion in DOAC-treated patients was lower than that in patients receiving uninterrupted warfarin therapy. 10 Furthermore, a prospective registry study conducted in Japan revealed that the rates of thromboembolism and MBE during the AF ablation perioperative period in Japanese patients treated with the factor Xa inhibitor rivaroxaban were as low as those in patients treated with warfarin.
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The RE-CIRCUIT study evaluated the safety and efficacy of uninterrupted dabigatran therapy versus warfarin for periprocedural anticoagulation in patients with AF undergoing catheter ablation. 12 The overall results found that the incidence of MBE was significantly lower with dabigatran treatment than with warfarin. Here, we report the results of the Japanese subgroup of the RE-CIRCUIT study.
| METHODS

| Study overview
The RE-CIRCUIT study was a prospective, randomized, open-label, blinded endpoint (PROBE 13 ), multicenter clinical trial. The study design has previously been published 12 and is shown in Figure 1 . It included a screening period during weeks 0 to 2, a pre-ablation treatment period during weeks 4 to 8, a postablation treatment period of 8 weeks (starting with the ablation procedure), and a followup period of 1 week.
| Ethics and study oversight
The trial was carried out in compliance with the ethical principles outlined in the Declaration of Helsinki, the International Conference on Harmonization Good Clinical Practice (GCP), and the Japanese GCP regulations in Japan. The protocol was approved by an institutional review board or independent ethics committee at each participating center, and all patients provided written informed consent before entering the trial. The trial was conducted under the guidance of a steering committee. Adjudicated and nonadjudicated data were checked by an independent data and safety monitoring committee, 
| Protocol amendments
The following changes to the original protocol were made for the Japanese subgroup: the lower limit of the patient age range was increased from 18 to 20 years to meet Japanese regulatory requirements. The target international normalized ratio (INR) for patients aged 70 years and older was changed from 2.0-3.0 to 2.0-2.6 to meet Japanese scientific guideline recommendations. The serious adverse event (AE) reporting process for several outcome events (all deaths, bleeds, and pericardial tamponade events) was changed in response to a Japanese Pharmaceuticals and Medical Devices Agency request.
| Patients
The main inclusion criteria were as follows: male or female patients 14 This method gives a more accurate measure of the pharmacodynamic effect than pill counts.
| Primary and secondary endpoints
The primary endpoint was the incidence of MBEs according to the International Society on Thrombosis and Hemostasis (ISTH) definition 15 during the ablation procedure and up to 8 weeks postablation.
The secondary endpoints were the incidence of the following during the ablation procedure and up to 8 weeks postablation: stroke, systemic embolism (SE), and TIA events; minor bleeding events; and a composite of MBE and thromboembolic events (stroke, SE, or TIA).
Congestive heart failure, hypertension, age, diabetes mellitus, prior stroke or TIA or thromboembolism, vascular disease, and sex scores (CHA 2 DS 2 -VASc) were used to assess stroke risk. 1 Body mass index (BMI) data were calculated for all patients.
| Adverse events
An AE was defined as any untoward medical occurrence in a patient administered a trial treatment. A severe AE was defined as an incapacitating event or one resulting in an inability to work or perform usual activities. Serious AEs were defined as any AE that resulted in death, was life-threatening, required inpatient hospitalization or prolongation of existing hospitalization, resulted in persistent or significant disability or incapacity, resulted in a congenital anomaly/birth defect, or was to be deemed serious for any other reason.
| Statistical analysis
The trial was exploratory because the sample required to provide sufficient power to establish formal noninferiority with an acceptable upper limit of the 95% confidence interval (e.g., 1.5) would have made the trial unfeasible (>2000 patients per group). On the basis of multiple scenarios, it was decided that a minimum of 290 evaluable patients per treatment group would be enough to provide clinically meaningful information. Any subgroup analysis is therefore also only of a descriptive nature and presents two-sided 95% confidence intervals (CIs). The primary and secondary endpoint analyses were based on the ablation set, which included all randomly assigned patients who had taken at least one dose of trial drug, and who had undergone the ablation procedure. The treated set data (i.e., all randomly assigned patients who had taken ≥1 dose of trial drug) were used for the safety analysis, and AEs were analyzed descriptively.
3 | RESULTS
| Patient characteristics
In the overall study, 704 patients were enrolled from 104 centers in 11 countries between April 2015 and July 2016, 678 patients were randomized (dabigatran, n = 339; warfarin, n = 339), and 635 patients underwent ablation (n = 317 and 318, respectively). In the Japanese subgroup, 115 patients were enrolled from 10 centers in Japan and 112 were randomized and received the study drug
(dabigatran, n = 65; warfarin, n = 47). Of these, 108 patients underwent ablation (n = 62 and 46, respectively) and 107 patients completed the study (n = 62 and 45, respectively) ( Figure 2 ).
The baseline characteristics of the Japanese subgroup are shown in 
| Primary and secondary endpoints
Regarding the primary endpoint, in the Japanese subgroup, one patient in the dabigatran group (1.6%) and one in the warfarin group (2.2%) had an MBE (risk difference vs warfarin À0.6%; 95% CI À5.8, 4.7) ( Table 2 ). The MBE occurring in the dabigatran group was cardiac tamponade, which occurred on the day of ablation. The patient was an 84-year-old female who underwent pulmonary vein isolation ablation with radiofrequency, during which she became hypotensive. The ablation set included all randomly assigned patients who had taken at least one dose of trial drug and who had undergone the ablation procedure. The CHA 2 DS 2 -VASc score reflects the risk of stroke in patients with atrial fibrillation. Scores range from 0 to 9, with higher scores indicating greater risk.
The transthoracic echocardiogram confirmed pericardial effusion of 2 cm. On the onset day, the patient underwent pericardial drainage and approximately 150 mL of blood was drained. The cardiac tamponade was associated with a decrease in hemoglobin and a 22% decrease from baseline in the hematocrit level. The patient received protamine for the cardiac tamponade, and the bleed required medical attention. Idarucizumab was not available at that time and therefore not administered. Dabigatran was temporarily interrupted. The following day, the patient recovered and the dabigatran was restarted on the same day. The patient was discharged from hospital three days later. The MBE in the warfarin group was a groin hematoma, occurring on the day following ablation. The incidence of MBE in the total population was lower with dabigatran than warfarin (five patients [1.6%] vs. 22 patients [6.9%]; absolute risk difference, À5.3%; confidence interval, À8.4% to À2.2%, P < .001). 12 In terms of secondary endpoints in the subgroup analysis, there were no strokes, SE, or TIA in either treatment group. The incidence of minor bleeding events was similar between treatments, with 13 (21.0%) patients in the dabigatran group and 9 (19.6%) in the warfarin group (Table 2 ). There were no deaths, myocardial infarctions, or strokes in this Japanese subgroup.
| AEs
A total of 77 (68.8%) patients reported any AEs, 39 (60.0%) in the dabigatran group and 38 (80.9%) in the warfarin group (Table 3) .
Gastrointestinal disorders were the most common and were reported in 12 (18.5%) patients in the dabigatran group and 17 (36.2%) in the warfarin group, followed by infections and infestations (8 [ The ablation set included all randomly assigned patients who had taken at least one dose of trial drug and who had undergone the ablation procedure. The "Other" category includes events deemed to be serious by the investigator in that they were important medical events that, after appropriate medical judgment, may have required medical or surgical intervention to prevent any of the outcomes mentioned previously.
The details of serious AEs are shown in Table 4 , and those of treatment-related AEs in Table 5 .
| Compliance
The compliance data were summarized for the entire treated set. In the dabigatran group, the mean compliance rate was 97.7% (standard deviation [SD], 3.17%). In the warfarin group, the mean TTR during the study was 64.7% (SD, 41.54%). The mean postablation duration of exposure was 60.2 days (SD, 4.2) in the dabigatran group and 58.1 days (SD, 9.34) in the warfarin group. Fifty-three (85.5%) patients in the dabigatran group and 37 (80.4%) in the warfarin group received the trial medication for at least 8 weeks following
the ablation. Table 6 shows a summary of exposure to the study medications in the postablation period in the ablation set.
| DISCUSSION
In the total population from the RE-CIRCUIT study, the incidence of MBE was significantly lower in the dabigatran group than in the warfarin group. Both treatment groups had a similar incidence of minor bleeding events, and one thromboembolic event occurred in the warfarin group. 12 In the Japanese subgroup of the RE-CIRCUIT study, the incidence of MBE was one patient in the dabigatran group (1.6%) and one in the warfarin group (2.2%) during the ablation and the 8-week post-ablation period. The event in the dabigatran group was cardiac tamponade. Because this event is of great concern for patients with DOAC treatment, we described the event and its outcome in detail.
For secondary endpoints, the incidence ratios of stroke, SE, TIA, and minor bleeding were identical in the two groups, with no stroke, SEs, or TIA in either.
As a result, there were no major differences in findings between the total population and the Japanese subgroup from the RE-CIRCUIT study. The results in the Japanese subgroup revealed no major differences between dabigatran and warfarin groups.
A study in 363 Japanese patients comparing uninterrupted dabigatran treatment (n = 173) with warfarin (n = 190) showed a similar incidence of bleeding events in both groups. 16 In that study, MBEs occurred in 2 patients (1%) in each treatment group, and the minor bleeding events included groin hematoma (dabigatran, 5%; warfarin, 5%) and thromboembolic complications (dabigatran, 0%; warfarin, 1%). A randomized, controlled study was also conducted in Japan The treated set included all randomly assigned patients who had taken at least one dose of trial drug, whether or not they underwent ablation. Percentages were calculated with the total number of patients per treatment as the denominator.
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patients' safety and dispel their concerns over the ablation procedure.
The limitations of this study include the small patient numbers in the Japanese population, and the fact that the RE-CIRCUIT trial was an open-label trial. However, endpoints were adjudicated by the trial's independent adjudication committee. Furthermore, while our sample size was too small to enable meaningful statistical analysis, the Japanese subgroup had a similar profile to that of the global population. Therefore, the results support the use of uninterrupted dabigatran treatment during catheter ablation of AF in the Japanese population.
| CONCLUSION
This subgroup analysis was not designed to show a statistical difference between the two treatment groups, as this has already been suggested by the results of the main study. 12 However, our results from this Japanese subgroup do support the main study results in that they provide important clinical information regarding MBE, especially cardiac tamponade, in Japanese patients.
T A B L E 6 Summary of exposure to study medication in the post-ablation period (ablation set a )
Dabigatran 150 mg bid (n = 62) Warfarin (n = 46) Total (n = 108)
Post-ablation duration of exposure (days)
Mean ( The ablation set included all randomly assigned patients who had taken at least one dose of trial drug and who had undergone the ablation procedure.
